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7KLV SDSHU SUHVHQWV QHZ LQVLJKWV LQWR WKH LPSOHPHQWDWLRQ RI ,QGXVWU\  WHFKQRORJLHV QRYHO PDWKHPDWLFDO DQG
FRPSXWHUEDVHGPHWKRGVIRUGHVLJQLQJDQGRSWLPLVLQJWKHHFRLQGXVWULDOSDUN(,3RI-XURQJ,VODQGLQ6LQJDSRUH
7KHFRQFHSWRI ,QGXVWU\ WUDQVODWLRQ WRDQ(,3 LV LQWURGXFHGZKLFKGHOLYHUVDQH[SHUW V\VWHPDOORZLQJXVHUV WR
PRQLWRU FRQWURO DQGRSWLPLVH WKH VRFLDO HFRQRPLFDQGHQYLURQPHQWDO UHSHUFXVVLRQVRI WKH LQGXVWULDODFWLYLWLHVRQ
-XURQJ ,VODQG7KLV H[SHUW V\VWHP LV D F\EHULQIUDVWUXFWXUHPDNLQJXVHRI WKH ODWHVW DGYDQFHV LQKLJKSHUIRUPDQFH
FRPSXWLQJ+3&DGYDQFHGPDWKHPDWLFDOPRGHOOLQJDQGVHPDQWLFZHEWHFKQRORJLHV7KHSURSRVHGZRUNDGGUHVVHV
HQGXVHU GULYHQ GHPDQGV E\ KDUQHVVLQJ +3& UHVRXUFHV DQG DGYDQFHG GDWD DQDO\WLFV WR HQDEOH LQWHOOLJHQW GHVLJQ










FUHDWHPRUH VXVWDLQDEOH LQGXVWULDO DFWLYLWLHV WKURXJK WKHXVHRI ORFDOLVHG V\PELRWLF UHODWLRQVKLSV >@$Q
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FRPPXQLW\ WR UHGXFH ZDVWH DQG SROOXWLRQ HIILFLHQWO\ VKDUH UHVRXUFHV VXFK DV LQIRUPDWLRQ PDWHULDOV
ZDWHU HQHUJ\ LQIUDVWUXFWXUH DQG QDWXUDO UHVRXUFHV DQG PLQLPL]H HQYLURQPHQWDO LPSDFW ZKLOH
VLPXOWDQHRXVO\LQFUHDVLQJEXVLQHVVVXFFHVV
1XPHURXV DVSHFWV RI (,3V KDYH EHHQ ZLGHO\ VWXGLHG LQ WKH H[SHUW OLWHUDWXUH RYHU WKH SDVW GHFDGH
&XUUHQWO\WKHSULPDU\H[LVWLQJZD\WRGHVLJQDQRSWLPDO(,3LVWRFUHDWHWKHH[FKDQJHVRIPDWHULDOVZDWHU




DQG VWDWHG WKDW WKH OLQHDU SURJUDPPLQJPHWKRGPD\EH DXVHIXO WRRO IRU DSSURDFKLQJ DZLGHYDULHW\RI
PDWHULDO IORZDQDO\VHV LQ WKHLUZRUN/LDRHWDO >@GHYHORSHGD WZRVWDJHPHWKRG WRFRQVLGHUPXOWLSOH
SODQW ZDWHU QHWZRUNV ZKHUH WKH FRQQHFWLRQV EHWZHHQ SODQWV DQG WKH WDUJHW RI IUHVK ZDWHU XVDJH ZHUH
GHWHUPLQHGZLWKVROYLQJDPL[HGLQWHJHUQRQOLQHDUSURJUDPPLQJ0,1/3IRUPXODWLRQLQWKHILUVWVWDJH
DQG D PL[HG LQWHJHU OLQHDU SURJUDPPLQJ 0,/3 SUREOHP LV IRUPXODWHG WR DFKLHYH D IOH[LEOH ZDWHU
QHWZRUNWRPHHWWKHIUHVKZDWHUWDUJHWLQDOOSHULRGVLQWKHVHFRQGVWDJH7KH0,1'PHWKRG0HWKRGIRU
DQDO\VLV RI ,1'XVWULDO HQHUJ\ V\VWHPV EDVHG RQ 0,/3 ZDV GHYHORSHG E\ .DUOVVRQ >@ WR RSWLPLVH
LQGXVWULDO HQHUJ\V\VWHPV IURP WKH IRRG LQGXVWU\ WR WKHSXOSDQGSDSHU LQGXVWU\ZKHUH WKHPDLQ LVVXHV
VWDWHG E\ WKH (XURSHDQ &RPPLVVLRQ ZHUH FRQVLGHUHG VXFK DV UHGXFWLRQ RI JUHHQKRXVH JDV HPLVVLRQV








7KHUH DUH YDULRXV VWUDWHJLHV KDYH EHHQ UHSRUWHG WR DFKLHYH RSWLPLVDWLRQ LQ DQ (,3 +RZHYHU DV
GLVFXVVHGE\%RL[HWDO>@WKHRSWLPLVDWLRQRI(,3OLHVRQWKHGHFRXSOLQJRIQHWZRUNVDWWKHSUHVHQWVWDWH
DQG WKH H[LVWLQJ UHVHDUFK LV EDVHG RQ HLWKHU WKH ZDWHU QHWZRUN RU WKH HQHUJ\ OLQNV RU ZDVWH GLVSRVDO
IDFLOLWLHV W\SLFDOO\ IRFXVLQJ RQ D VLQJOH DVSHFW RI WKH WKUHH 7KH RSWLPDO V\PELRWLF UHODWLRQV DPRQJ




LPSOHPHQWLQJ ,QGXVWU\  WHFKQRORJLHV WR RYHUFRPH WKH DIRUHPHQWLRQHG EDUULHUVZKHUH D FORXGEDVHG
F\EHULQIUDVWUXFWXUH RI D YLUWXDO(,3 LV GHYHORSHGZLWK WKH XVH RI KLJK SHUIRUPDQFH FRPSXWLQJ +3&
DGYDQFHG PDWKHPDWLFDO PRGHOOLQJ DQG VHPDQWLF ZHE WHFKQRORJLHV 6HYHUDO DVSHFWV RI WKH WHFKQLFDO
SUREOHPVWKDWDULVHLQWHUPVRIPRGHOEXLOGLQJGDWDUHSUHVHQWDWLRQDQGXQFHUWDLQW\DUHDGGUHVVHGLQ.UDIW
DQG0RVEDFK >@ DQG ZLOO IRUP WKH LPSRUWDQW HOHPHQWV RI WKH YLUWXDO (,3 7KH SDSHU LV VWUXFWXUHG DV




-XURQJ,VODQG LVDQDUWLILFLDO LVODQGFUHDWHGE\ ODQGUHFODPDWLRQEDVHGDURXQGVHYHQRIIVKRUH LVODQGV
7KH ODQG VSDFH LV RFFXSLHG E\ D ODUJH LQGXVWULDO SDUN VSUHDG RYHU DQ DUHD RI DSSUR[LPDWHO\  VTXDUH
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NLORPHWHUVZKLFKIRUPVDQLPSRUWDQWSDUWRI6LQJDSRUH¶VHFRQRP\0RUHWKDQFRPSDQLHVDUHUHVLGHQW
RQ -XURQJ ,VODQG WKH PRVW SURPLQHQW EHLQJ ([[RQ0RELO 6KHOO %3 6LQJDSRUH 3HWUROHXP &RPSDQ\






7KH RYHUDOO LQYHVWPHQW LQ -XURQJ ,VODQG LV LQ WKH RUGHU RI 6 ELOOLRQ ,Q DGGLWLRQ WR WKH YDULRXV
PDQXIDFWXULQJ SODQWV D FRQVLGHUDEOH LQIUDVWUXFWXUH KDV EHHQ FUHDWHG WR VHUYH ERWK LQGXVWULHV DQG
HPSOR\HHV 7KH GHQVLW\ RI LQGXVWULDO DFWLYLWLHV LQ WKH DUHD OHDGV WR D VXEVWDQWLDO UHOHDVH RI JUHHQKRXVH
JDVHVDPRXQWLQJWRXSWRRIWKHWRWDOJUHHQKRXVHJDVHPLVVLRQVLQ6LQJDSRUH6XFKDFRQFHQWUDWLRQ












,QRUGHU WRDFKLHYH WKLV LW LVSURSRVHG WRDVVRFLDWHHDFK WHFKQLFDOFRPSRQHQW LQDSODQWZLWK LWVRZQ
VHPDQWLF UHSUHVHQWDWLRQZKLFKZLOO DOVR LQFOXGHH[HFXWDEOHPDWKHPDWLFDOPRGHOV7KHVHPRGHOVDUH IHG
GDWDIURPVHQVRUVLQHDFKGHYLFHXVLQJWHFKQLTXHVGHYHORSHGIURPPDFKLQHOHDUQLQJDQGVWDWLVWLFV$SODQW
IRUPVDQHWZRUNRIVXFKPRGHOVZKLFKFDQLQWXUQEHUHSUHVHQWHGE\DVXUURJDWHPRGHODIWHUHPSOR\LQJ
PRGHO UHGXFWLRQ WHFKQLTXHV 7KH SURFHVV E\ ZKLFK WKHVH VHPLHPSLULFDO PRGHOV DUH IRUPHG UHTXLUHV
DQDO\VLVRIWKHYDVWDPRXQWVRIGDWDWKDWDUHFRQVWDQWO\EHLQJSURGXFHGE\WKHSODQW)LJGHVFULEHVWKH
IUDPHZRUNRI(,3PRGHOLQJEDVHGRQ,QGXVWU\
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
)LJ)UDPHZRUNRI(,3PRGHOOLQJEDVHGRQ,QGXVWU\
,W LV DOVR HQYLVDJHG WKDW WKLV V\VWHP ZLOO PDNH LW SRVVLEOH WR IDFLOLWDWH WKH DXWRPDWLRQ RI SURFHVV
SODQQLQJFRPPLVVLRQLQJDQGFRQWUROOLQJDVDIHO\RSHUDWLQJFKHPLFDOSODQW$VDFRQVHTXHQFHHFRQRPLF
VRFLDO DQG OHJDO UHTXLUHPHQWVZLOO IRUP WKHERXQGDU\ FRQGLWLRQV IRU DQ LQGXVWULDO SODQW¶V VWUXFWXUH DQG












,Q WKLV ZRUN WKH PHWKRGRORJLHV RI PRGHOOLQJ DQ LQWHUQDO FRPEXVWLRQ ,& HQJLQH DV SURSRVHG E\







GHYLFHV ZKLFK DUH XVHG WR SURGXFH SODQW RSHUDWLQJ GDWD VXFK DV SUHVVXUH WHPSHUDWXUH DQG IORZUDWH
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XVDEOHIRUPDWZKLFKFDQEHDFFRPSOLVKHGE\VWRULQJWKHGDWDDQGFRQYHUWLQJLWWRVRPHWKLQJXVHIXOYLDDQ






;0/ LV FRQVLGHUHG WKH PRVW IDYRXUDEOH EHFDXVH LW KDV D WUHHOLNH VWUXFWXUH DQG LV ERWK KXPDQ DQG
PDFKLQH UHDGDEOH ZLWK PDQ\ SURJUDPPLQJ ODQJXDJHV FDUU\LQJ WKH ,2 OLEUDULHV ,WV VWUXFWXUH LV IXOO\
H[WHQVLEOHDOORZLQJIRUWKHHDV\DGGLWLRQRIIXWXUHPRGHOGHYHORSPHQWV,WDOVRKDVDQRSHQVWDQGDUGDQG
LVSODWIRUPLQGHSHQGHQWDQGWKXVLVLGHDOIRU3URFHVV,QIRUPDWLFVDSSURDFKHV,QDGGLWLRQDQ;0/VFKHPD
FDQEHDGRSWHG WRHQVXUHFRQVLVWHQF\EHWZHHQ ILOHVFUHDWHG IURPPXOWLSOHXVHUVDQGPXOWLSOHSURJUDPV
ZKLFKLV LPSRUWDQWLQODUJHFROODERUDWLYHUHVHDUFKDFWLYLWLHVVXFKDVPRGHOGHYHORSPHQW;0/KDVEHHQ
VXFFHVVIXOO\XVHGIRUWKH,&HQJLQHGDWDPRGHOUHSRUWHGE\6PDOOERQHHWDO>@DQG%URZQEULGJHHWDO>@
ZKR DOVR WUDQVIRUPHG ;0/ GDWD LQ VXFK D ZD\ WKDW WKH VHPDQWLF UHODWLRQVKLS RI WKH GDWD UHVRXUFH LV
GHILQHGXVLQJDSURSHU VWDWHPHQWRI5')5HVRXUFH'HVFULSWLRQ)UDPHZRUN ILUVWO\ DQG85, 8QLIRUP








UDZ GDWD H[SORUDWLRQ0R'6 VXSSRUWV TXHU\LQJ DQG ILOWHULQJ RI ODUJH GDWD VHWV LQPXOWLSOH IRUPDWV E
+HOSGDWD VHOHFWLRQ WKURXJK IOH[LEOHSORWWLQJRI WKH UDZGDWD DQGNH\ VXEVHWV F&RQILJXUH DQG VHWXS
PRGHO RU XVHU GHILQHG PDWKHPDWLFDO H[SUHVVLRQV ZLWK LQWHOOLJHQW HUURU FKHFNV G ([HFXWH DQG EDWFK
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&RQFOXVLRQV
7R DFKLHYH WKH UHDOLW\ RI -XURQJ ,VODQG (,3 D VHW RI VSHFLILF WDVNV KDV EHHQ FRQVLGHUHG LQFOXGLQJ
VHPDQWLF UHSUHVHQWDWLRQ RI GDWD PRGHOV DQG DOJRULWKPV GHWDLOHG SURFHVV PRGHOV RQ GLIIHUHQW VFDOHV
SDUDPHWHULVDWLRQRIKLJKGLPHQVLRQDOPRGHOVQXPHULFVRIQHWZRUNVRISDUDPHWHULVHGPRGHOVJHRJUDSKLF




7KLV SURMHFW LV SDUWO\ IXQGHG E\ WKH1DWLRQDO 5HVHDUFK )RXQGDWLRQ 15) 3ULPH0LQLVWHU
V2IILFH








>@ .DUOVVRQ0 7KH0,1'PHWKRG D GHFLVLRQ VXSSRUW IRU RSWLPL]DWLRQ RI LQGXVWULDO HQHUJ\ V\VWHPV  SULQFLSOHV DQG FDVH
VWXGLHV$SSO(QHUJ\
>@ .DQWRU , )RZOHU 0 (ONDPHO $ 2SWLPL]HG SURGXFWLRQ RI K\GURJHQ LQ DQ HFRSDUN QHWZRUN DFFRXQWLQJ IRU OLIHF\FOH
HPLVVLRQVDQGSURILW,QW-+\GURJ(QHUJ\












'U 0DUNXV .UDIW LV D 3URIHVVRU LQ WKH 'HSDUWPHQW RI &KHPLFDO (QJLQHHULQJ DQG
%LRWHFKQRORJ\ 8QLYHUVLW\ RI &DPEULGJH DQG WKH GLUHFWRU RI WKH 6LQJDSRUH&DPEULGJH
&5($7( 5HVHDUFK &HQWUH +H KDV D VWURQJ LQWHUHVW LQ WKH DUHD RI FRPSXWDWLRQDO
PRGHOOLQJDQGRSWLPLVDWLRQWDUJHWHGWRZDUGVGHYHORSLQJFDUERQDEDWHPHQWDQGHPLVVLRQV
UHGXFWLRQWHFKQRORJLHV

